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Abstract

Two field experiments were carried out during the 2019-20 and 2020-21 seasons in private farm at west, EI-Minia
Governorate, Egypt, to evaluate the effect of using arbuscular mycorrhizal fungi (AMF) on promoting the efficiency
faba bean cultivars cultivated in sandy soil to resist drought stress under drip irrigation system. The treatments of the
experiment were composed of three irrigation treatments (l10: full-irrigation, Izs: moderate drought, and Iso: severe
drought), two inoculations [+] with AMF and [-] without AMF, and three faba bean cultivars (Giza-843, Nubaria-1,
and Misr-1). Strip-split plot design in RCBD with three replications was used. The results indicate that (Iso) treatment
significantly decreased leaf area index, No. of branches plant, No. of leaves plant?, plant height, No. of pods plant
!, 100-seed weight, No. of days from sowing to maturity, seed yield, and land use efficiency (LUE); increased water
productivity (WP), economic water productivity (EWP), NPK%, and seeds crude protein SCP%, relative to (l100)
treatment, in both seasons. Inoculation with AMF significantly increased all studied traits of faba bean plants and
improved nutrient and water uptake under drought-stress conditions. AMF was increased seed yield by 19.34 and
24.19% compared to un-inoculation in the 1%t and 2" seasons, respectively. Giza-843 cv. gave the highest values of
plant height, No. of pods plant, No. of days to maturity, seed yield, land use efficiency, WP, EWP, and tolerance to
drought stress. The 1%tand 2" order interactions were significant in most traits.
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1. Introduction

Egyptian agriculture faces several challenges to carbohydrates, and it's the second food crop after
encounter food security such as rapid growth of cereals worldwide (Abobatta et al., 2021, and
the human population, avoiding a deficiency of Yannan et al., 2022). Among legumes crops, faba
available water resources, expected climatic bean (Vicia faba L.) is one of the utmost
changes, etc. Thus, horizontal and vertical important popular pulse food used in Egypt and
expansion in Egyptian agriculture is urgently worldwide due to its containing of 35% protein,
needed to reduce the gap between production and 45% carbohydrate, and 2 % fat for seeds and its
consumption. Legumes crops are a worthy source ability to fix atmospheric nitrogen (Gomaa and
of fundamental nutrients for the human diet Afifi, 2021). Also, faba bean consumes the
because they contain essential amino acids, largest water than other legumes and is more
minerals, and proteins as well as complex drought-prone (Kenawy et al., 2022). In 2020, the
cultivated area of faba bean in Egypt reached

;Corlr_ejp(;]ndigglazuzthorihAhmed S.M. Morsy 58120 feds which produced 88109 tons with an
R;T:zli\}edr:asgg)iemberc?gl,azggéc;o:(]:cepted: September 30, average dry seed of about 1.52 tons fed (FAQC,
2022; Published online: September 30, 2022. 2020). Faba bean cultivars exhibit different
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responses in the production of seed yield when
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exposed to drought stress, and the Giza-843
cultivar was more tolerant to drought stress than
other cultivars (Desoky et al., 2020). So, it is
important to evaluate the potential of cultivars of
faba bean under different irrigation levels by
several indices, based on the loss of yield under
stress conditions (Sharifi et al., 2021).

The most common form of mycorrhiza is the
arbuscular mycorrhiza fungi (AMF), which
means “Fungus Root”, and Fungi coexist with the
roots of most crops and fungal hyphae, thereby,
becoming an essential factor in improving soil
quality, enhancing productivity, and its high
adaptation to local conditions (Milton et al.,
2021). AMF is a vital part of soil microorganisms
because it raises plant resistance to drought and
improves the water use efficiency of crops by
increasing the surface root area in the soil and
supporting alternative physiological pathways
(Abdoulaye et al., 2022). Inoculation of plants
with AMF resulting increased crop yields by
23.0% owing to the increase in plant growth and
nutrient uptake, photosynthesis, and drought
stress resistance (Wu et al., 2022), improved soil
structure (Youssef et al., 2017), and promoted
crop quality and productivity (Begum et al.,
2019).

Egypt is placed in an arid and semi-arid area,
water scarcity and its use efficiency are
considered essential factors that directly affect
the productivity of many crops globally (Orabi et
al., 2021), and crops need water for all
physiological processes i.e., photosynthesis,
nutrient uptake, and other metabolic processes,
and about 400-500 liter of water is necessary for
the production of 1 Kilo from plant dry matter
(Attri et al., 2022). Arable land in Egypt is
considered one of the world's most intensive
agricultural systems, which is estimated at 3% of
the total area of Egypt and the rest is desert
(Salama et al., 2017). Limited water resources
and few arable lands resulted in hindering
ambitious expansion plans globally (Darwish et
al., 2013), agriculture is the hugest water
consumer where estimated at 70% of the total
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renewable freshwater resource worldwide
(WWAP, 2014). Faba bean is grown in Egypt in
sandy soils and its more sensitive to drought than
other field crops, consequently exhausting great
amounts of water, which negatively impacts
plants' physiology and their productivity via
drought, which in turn leads to a deficiency of
food security and economic losses (El-Saadony et
al., 2021). Drought stress has harmful effects on
the growth and development of faba bean plants
by disturbing the physiological and biochemical
processes in the plant, i.e., reduces the
photosynthetic rate, relative water contents, and
transpiration rate (Begum et al., 2019) thus,
reducing productivity (Ashine and Bedane,
2022). According to Kazai et al. (2019) noticed
that water stress led to a decrease in number of
pods plant? (53%), seeds pod™ (9.7%), harvest
index (49%), and seed yield (58%). Several
studies on faba bean pointed out that water deficit
stress caused a reduction in plant height, leaf area
index, No. of branches plant?, No. of leaves plant
! number of pods plant?, 100-seed weight, seed
yield, and the highest WUE and protein content
in seeds of faba bean (Said et al., 2018; Ibrahim
et al., 2020; Orabi et al., 2021; Abo-Alhassan et
al., 2022). Drought tolerance indices and seed
yield have been together used to identify cultivars
appearing consistent perform under drought
stress conditions. The present study was designed
to study the impact of inoculation with
mycorrhiza (AMF) on promoting the efficiency
of faba bean cultivars cultivated in sandy soil to
obtain maximum productivity and resist drought
stress conditions under a drip irrigation system.

2. Materials and methods

Two field experiments were conducted during the
two winter seasons of 2019-20 and 2020-21 in
private farm at west Samalout, El-Minia
Governorate, Egypt to evaluate the effect of using
arbuscular mycorrhizal fungi (AMF) to promote
the efficiency of faba bean cultivars grown in
sandy soil to resist water stress. Soil analysis of
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the experimental site is classified as sandy (i.e.,
88.7% sand, 5.2% silt, and 6.1 clay), with a pH of
7.8, EC 2.0 ds m, and organic matter of 0.26 %
as well as available each of N 2.4, P 3.0, and K
34.1 mg kg?, as mean over the two seasons
(according to A.O.A.C, 1995). The agro-
meteorological data for the experimental location
during the two growing seasons 2019-20 and
2020-21 were obtained from the weather station
of the Central Laboratory for Agricultural
Climate (Table 1).

2.1. Experimental treatments and design

The experimental design used was a strip split-
plot with 3 replications. The total number of
experimental plots was 54 plots. Three irrigation
treatments (100, 75, and 50% of ETc) were
distributed in the vertical plots, two AMF were
allocated in the horizontal plots (AMFi: with
inoculation and AMF,: without un-inoculation),
while three faba bean cultivars (Giza-843,
Nubaria-1, and Misr-1) were occupied in sub- sub
plot.

2.2. Irrigation treatments

The drip irrigation system was used, drip lateral
had emitters spaced 30 cm apart with an actual
discharge rate of 4 liters h?, where water was
added every 5 days by applying the specified
irrigation requirements (IR). Total irrigation
water (m® fed?!) was calculated from the
meteorological data of (CLAC) depending on the
method of (Penman, 1984). The amounts of
irrigation water applied were 1560 (full-
irrigation), 1170 (moderate drought), and 780 m?
fed? (severe drought), calculated as 100, 75, and
50% of ETc, respectively (as the mean over the
two seasons). The crop water requirements (ETc)
were calculated using the crop coefficient
according to the equation as follows:
ETc=ETo xKc
Where :
ETc= Crop evapotranspiration (mm day™).
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ETo = Reference evapotranspiration (mm day?).
Kc = Crop Coefficient.
The amount of irrigation water applied for faba
bean plants at each irrigation level was computed
based on the following equation, according to
Allen et al. (1998):
A X ETc x1i

WA= 52 x1000 T
where:
IWA= Irrigation water applied (m?), A= Plot area
(m?), ETc= Crop water requirments (mm day?),
li= Intervals between irrigation (day), Ea=
Irrigation system's efficiency (assumed to be 85%
of total applied water), and LR= Leaching
requirements (m3).
of AMF inoculum

2.3. Isolation and

preparation

The mycorrhizal spores (Glomous sp) were
obtained from the rhizosphere of fertile soil
grown with the onion at the Talla village, El-
Minia, Egypt. Mycorrhizal spores were isolated
by the wet sieving and pouring technique
according to the method Pacioni (1992). Mixed
spores of AM-fungi were prepared after
propagation. At planting, the inoculants were
mixed with a sticker such as Arabic gum solution
and added to the seeds of the faba bean cultivars
which spread on a clean plastic sheet under
shading before sowing at a rate of 10 g of
inoculant with 1 kg seeds™, coating the seeds and
air-dried for 2 hours before planting and then
directly irrigation.

2.4. Cultivation

All cultivars were obtained from Food Legumes
Research Department, Field Crops Research
Institute, Agricultural Research Center, Giza,
Egypt. The seeds of faba bean cultivars were
planted in ridges at distances of 0.60 m and 0.30
m spacing between plants at the rate of one seed
hill* (each sub-plot area was 10.5 m? (1/400 fed)
consisting of 5 ridges x 3.5 m length x 0.60 m
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width). All cultivars were planted on the 25" and
28" of October in the 1%t and 2" seasons,
respectively.

2.5. Agricultural operations

Inorganic fertilizers i.e., Nitrogen, Phosphorous,
and potassium were applied to soil as follows,
superphosphate (15.5% P20s) was applied during
soil preparation at a rate of 150 kg fed?,
potassium sulfate (48% K,0) was added after 4
weeks from sowing at a rate of 50 kg fed? and
ammonium nitrate (33.5% N) was added as
starter dose before the first irrigation (Mohaya) at
arate of 15 kg N fed™.

Maize was the preceding summer crop in both
seasons. All other agricultural practices of faba
bean cultivation were done as recommended by
the Ministry of Agriculture.

2.6. Estimated characters and drought indices

o Vegetative growth characters: A
representative sample of 10 plants from each
treatment at 100 days from planting was
randomly taken for measuring leaf area index
(LAI), number of branches plant?, and
number of leaves plant™.

Leaf area index (LAI) = leaf area plant™(cm?)
+ ground area plant™ (cm?)

o Seed yield and its attributes: At harvest time,
ten plants from each plot were taken to
determine plant height (cm), 100-seeds
weight (g), and number of pods plant?. The
whole plot was harvested and left for air
drying until the moisture content of seeds
reached 12%, then weighted (kg) and
converted to ardab fed (1 ardab =155 kg) to
estimate seed yield.

e Number of days from sowing to maturity:
Days taken to mature 95% of pods were
estimated on the basis of whole plots.
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e Water indices i.e., water productivity (WP)
kg m? and economic water productivity
(EWP) L.E m™: It was calculated using the
following equations:

WP (kg m3) = Seed yield (kg fed) + Water
applied (m? fed) (Molden, 1997).

EWP (L.Em?) =
Value of Seed yield (L.E fed™)
Water applied (m? fed™")

(Molden, 1997)

e The average of price seed faba bean was L.E
1878 ardab® (Bulletin of Statistical Cost
Production and Net Return, 2019-20).

e Land Use efficiency (LUE) kg seeds day™:
was determined as the following equation:
LUE = Seed yield (kg fed™")

Number of days from sowing to maturity

(El-Karamity et al., 2015)

e Macronutrients (NPK%) in seed, and Seed
crude protein% (SCP): Total N was
determined using the micro kjeldahl method
(Page et al., 1982). The protein% in seeds
was expressed as multiplying the total N% by
a factor of 6.25 according to A.O.A.C (1990).
The phosphorus% was determined by
colorimetric method using a
spectrophotometer (Page et al., 1982), and
the potassium% was measured by a Flame
photometer (Chapman and Pratt, 1982).

¢ Drought tolerance indices: calculations of
drought tolerance indices for cultivars as
shown in Table 2.

2.7. Statistical analysis

Data were statistically analyzed according to
Snedecor and Cochran (1990). Mean values were
compared to each other using the Least
Significant Differences (LSD) test procedure at P
< 0.05 probability using the Co-Stat soft program
(2004).
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Table 1. Mean monthly agro-meteorological data at the experimental site during the two seasons.

- 5 -
Alr temperature °C GDD I—Tjrlr?itcl;l\i/tey Wind speed  Sunshine ETo Rain  Solar Radiation
Month Max. Min. Mean % (ms?) (hour) (mmd?Y  (mm) (MJ/m?/day)
2019-20 season
October 33.31 18.64 25.43 667.43 44,71 2.96 11.46 6.08 1.40 19.70
November 28.28 14.29 20.50 498.00 46.36 2.21 10.74 3.93 0.00 16.10
December 20.72 8.15 13.51 297.91 64.83 2.49 10.38 2.53 36.50 14.15
January 18.13 5.13 10.89 216.69 64.82 2.48 10.57 2.52 1.10 14.64
February 20.73 6.82 13.12 267.38 61.19 2.18 11.19 3.25 23.60 17.80
March 25.10 9.38 16.61 394.01 53.46 2.79 12.01 5.11 6.90 21.31
2020-21 season
October 34.16 19.45 26.25 692.85 46.83 3.30 11.47 6.46 0.00 19.87
November 25.27 13.27 18.74 445.20 59.00 2.63 10.74 3.55 2.00 15.74
December 22.98 10.06 15.67 364.87 54.54 2.29 10.38 2.98 0.20 13.70
January 21.76 7.59 13.70 303.80 54.20 2.22 10.6 3.00 0.40 15.15
February 22.46 7.71 14.41 294.28 52.55 2.52 11.2 3.71 2.50 18.48
March 25.36 9.66 17.07 408.27 48.07 3.05 12.0 5.37 15.60 22.84

Max.: Maximum, Min.: Minimum, GDD: Growing Degree Days or accumulated daily heat units
GDD = [(TMaxA + TMin.) - 2] - TBase (T Base:39 OC)

Table 2. Calculating drought tolerance indices for studied cultivars based on seed yield using the following relationships.

Tolerance indices

Equation

Reference

Yield reduction rate%
Stress susceptibility index
Mean productivity index
Yield stability index
Golden mean

Stress tolerance index

YRR = 1- (YS/YN) x 100
SSI=[1-(YS/YN)] / [1- (YS/YN)]
MP = (YN +YS)/2

YSI=YS/YN

GOL = (YN+YS)/ (YN-YS)
STI = (YNXYS) / (YN)?

Kazai et al. (2019)
Fischer and Maurer (1978)

Rosielle and Hamblin (1981)
Bouslama and Schapaugh (1984)

Moradi et al. (2012)
Fernandez (1992)

YS and YN denote the mean yield of cultivars under drought stress and full-irrigation conditions, respectively.

YS and YN denote the average yield of all cultivars under drought stress and full-irrigation conditions, respectively.
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3. Results and discussion

3.1. Effect of different treatments on vegetative
growth traits and seed yield and its attributes

The results in Tables 3 and 4 exhibited the effect
of three irrigation treatments, three faba bean
cultivars, and two arbuscular mycorrhizal fungi
(AMF) and their interaction on vegetative growth
traits and yield and its components during the
2019-20 and 2020-2021 seasons.

3.1.1. Effect of irrigation treatments

Results revealed that the best treatment when
plants are grown under full irrigation is (l1o0),
which gives the most astounding estimations of
vegetative growth traits and yield and its
components. While the lowest value of such
characteristics was more obvious when (ETc)
reached up to 50% (Iso) in both seasons.
Generally, vegetative growth traits and seed yield
related-traits increased when the supplied water
was increased from 50 to 100% of ETc. At 50 and
75% of ETc, decreased LAI by (18.43 and 7.86%)
and (17.68 and 7.75%), number of branches plant”
1 by (29.33 and 10.34%) and (29.76 and 13.14%),
plant height by (16.69 and 5.47%) and (16.49 and
6.13%), number of leaves plant? by (21.52 and
7.60%) and (22.33 and 9.68%), No. of pods plant
1 by (47.11 and 15.56%) and (47.62 and 16.53%),
100-seed weight by (19.75 and 7.17%) and (18.51
and 6.39%), No. of days from sowing to maturity
by (8.38 and 4.65%) and (7.23 and 3.91%), seed
yield by (46.06 and 21.42%) and (40.40 and
20.25%), and land use efficiency by (41.11 and
17.57%) and (35.76 and 17.01%), compared with
irrigation level of 100% of ETc, in the 1%t and 2"
seasons, respectively. Similar outcomes were
recorded by EI-Gabry and Morsi (2019)
indicating that drought severely affects all
agronomic traits of faba bean. Early maturity
(138.71 and 140.26 days) and a reduction in LAI
(3.32 and 3.40) under severe drought conditions,
were more important for plants to avoid severe
water stress than those to full irrigation in both
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seasons, respectively. Our results were supported
by Abid et al. (2017) and Ouji et al. (2017) who
revealed that the shortest No. of days to maturity
were gained under drought-stress conditions.
Water deficit leads to deleterious effects on all
studied traits through reduction of water flow
from the xylem to the different cells, a decrease
in cell division, reduced efficiency
photosynthetic and ion uptake, thus, deterrence
physiological processes needed for plant growth,
which in turn effects on yield and its related traits.
These results agree with those of Ibrahim et al.
(2020), Paul et al. (2021), Sary et al. (2021),
Yousry et al. (2021), Abo-Alhassan et al. (2022)
and Ashine and Bedane (2022).

3.1.2. Effect of AMF inoculum

With the respect to AMF, the data reported
revealed that the plants inoculated with AM fungi
under sandy soil conditions induced significant
increases in all vegetative growth criteria and
seed yield and its attributes of faba beans than
those plants un-inoculated with AMF during the
two seasons (Tables 3 and 4). The increases in
LAI, No. of branches plant?, No. of leaves plant
! plant height, No. of pods plant?, 100-seed
weight, No. of days from sowing to maturity, seed
yield and land use efficiency with mycorrhiza
inoculation [+], were (7.26 and 7.14%), (32.58
and 35.79%), (22.14 and 24.12%), (15.76 and
17.12%), (5.09 and 2.32%), (1.53 and 1.60%),
(19.34 and 24.19%), and (17.30 and 22.41%)
higher than those attained without inoculation [-]
respectively, in both seasons. Similarly, El-
Mansy et al. (2021) pronounced that inoculated
plants with AMF significantly attained the
highest vegetative growth traits, and yield and its
components of faba bean than un-inoculated
during the two seasons. AM fungi-mediated
growth parameters promotion through improving
water and nutrient uptake (especially P),
widening the absorptive surface area provided by
the extended fungal hyphae and increment N-
fixation (Hashem et al., 2014; Begum et al.,
2019).
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Table 3. Vegetative growth traits, plant height, and No. of pods plant* of faba bean cultivars as affected by irrigation
treatments, and mycorrhiza, during the 2019-20 and 2020-21 seasons.

Number of

Number of

_ Leaf area branches leaves _Plant Number of1
Treatments index (LAI) plant™ plant™ height () pods plant
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
Irrigation treatments (1)
l100 Full-irrigation 407 413 358 373 34.06 3511 9431 96.66 13.50 14.28
Is Moderate drought 375 381 321 324 3147 3171 89.15 90.73 1140 11.92
Iso Severe drought 332 340 253 262 26.73 27.27 7857 80.72 7.14 7.48
LSD 0.05 (1) 0.05 0.02 024 013 0.72 0.39 090 083 041 035
Mycorrhiza (AMF)
[-] without 358 364 267 271 2769 27.99 86.38 87.85 9.90 10.34
[+] with 384 390 354 368 3382 3474 88.30 90.89 1146 12.11
LSD 0.05(AMF) 0.08 005 014 003 042 0.09 080 121 031 059
Cultivars (C)
Giza-843 332 338 306 312 3043 30.82 90.88 92.69 11.87 12.39
Nubaria-1 384 392 387 392 36.10 36.46 87.63 8999 920 9.85
Misr-1 398 403 239 255 2573 26.82 83.51 8543 1096 11.45
LSD 0.05 (C) 005 002 010 009 030 o0.27 1.00 051 023 0.8
LSD 0.05 for interactions
I x AMF NS NS 016 019 048 057 112 090 029 0.07
IxC 0.09 0.03 017 016 051 049 174 088 040 0.32
AMF x C NS 0.02 014 013 042 040 NS NS 0.32 0.26
I x AMF x C NS 0.04 024 022 073 0.67 NS NS 0.56 0.45
Also, AM fungi improve vyield and its and increased resistance against abiotic and biotic

components as it provides an adequate supply of
mineral nutrients and accelerates the water and
nutrient transfer from root to the stem, the
increment in active nodule formation, the dry
weight of the plant, and thereby increasing seed
yield and its attributes. This is in agreement with
Wu et al. (2022) who declared that the application
of AMF increased crop yields by boosting shoot
biomass due to the amelioration of plant nutrition,
photosynthesis, and stress resistance in the
rainfed field. Many previous studies have
indicated that inoculation with AMF imparts
other benefits to plants, including enhanced
photosynthesis rate, production of secondary
metabolites like phytohormones, amino acids,
vitamins, mineralization, and solubilization
processes, the osmotic adjustment under stress
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stresses as well as improving water use efficiency
(Pereira et al., 2019; Komeil and Badry, 2021,
Yousry et al., 2021).

Overall, AMF is one of the most effective and
environmental-friendly management approaches
for enhancing legume crop productivity against
drought stress and their ability to transform plant
waste into stable soil carbon for other soil fungi
through having a portion rich in carbon that can
remain for decades in the soil as well as it is the
best important biological association that
improves the growth and productivity of plants
(Milton et al., 2021; Yannan et al., 2022), and a
suitable AM strain for soil and crop may be
successful to cater plant needs for nutrients,
water, and the substitute of agrochemicals (Kuila
and Ghosh, 2022).
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Table 4. 100-Seed weight, number of days to maturity, seed yield, land use efficiency, and water productivity of faba
bean cultivars as affected by irrigation treatments, and mycorrhiza during the 2019-20 and 2020-21 seasons.

100-seed Number of days Seed yield Laf‘d. Use Watgr .
Treatments weight (g) to maturity (days)  (ardab fed?) Efficiency Productivity
(kg seeds day™t) (kg m®)
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
Irrigation treatments (1)
liooFull- irrigation 72,76  73.38 15134 15119 9.01 953 9.22 9.76 0.90 0.95
IzsModerate drought 67.54 68.69 14430 14528 7.08 7.60 7.60 8.10 0.94 1.01
IsoSevere drought 58.39 59.80 138.71 140.26 486 5.68 543 6.27 096 1.13
LSD 0.05 (1) 1.02 0.68 0.30 0.40 028 0.22 0.27 0.24 0.03 0.03
Mycorrhiza (AMF)
[-] without 6458 6542 14369 14442 6.36 6.78 6.82 7.23 0.84 091
[+] with 67.87 66.94 14589 146.73 7.59 8.42 8.00 8.85 1.02 1.15
LSD 0.05(AMF) 0.87 0.61 1.13 0.74 0.17 0.08 0.08 0.14 0.01 0.002
Cultivars (C)
Giza-843 5843 59.85 146.01 146.69 7.48 8.02 7.88 8.42 1.00 1.09
Nubaria-1 79.17 77.71 14328 14376 6.28 6.89 6.74 7.39 0.84 093
Misr-1 61.08 60.99 14508 146.28 7.19 790 6.62 8.32 096 1.07
LSD 0.05 (C) 0.34 0.52 0.34 0.45 0.12 0.08 0.11 0.09 0.02 0.01
LSD 0.05 for interactions

I x AMF NS NS 0.39 0.35 NS NS NS 0.15 0.04 0.02
IxC 0.58 0.91 0.37 0.32 020 014 0.21 0.16 0.03 0.02
AMF x C NS NS 0.19 0.20 0.16 011 0.17 0.13 0.02 0.01
I x AMF x C NS NS 0.40 0.36 NS 0.19 NS 0.23 0.04 0.02

3.1.3. Faba bean cultivars performance

Concerning the performance of cultivars during
the two seasons, data presented in the same table,
indicate significant differences among the three
cultivars of faba bean. Maximum LAI was
recorded by cv. Misr-1 (3.98 and 4.03), whereas
the minimum LAI was observed for cv. Giza-843
(3.32 and 3.38) in the 1% and 2" seasons,
respectively. The highest No. of branches plant?
(3.87 and 3.92) and No. of leaves plant™ (36.10
and 36.46) were obtained from cv. Nubaria-1,
while the lowest values in these traits were
detected from cv. Misr-1 in the first and second
seasons, respectively. Giza-843 cv. exhibited the
highest values for plant height (90.88 and 92.69
cm), No. of pods plant™ (11.87 and 12 39 pods),
took No. of days from sowing to maturity (146.01
and 146.69 days), seed yield (7.48 and 8.02 ardab
fed ), and land use efficiency (7.88 and 8.42 kg
seeds day?) as compared to other cultivars in 1%
and 2" seasons, respectively. Differences in
growth traits and seed yield and its attributes
among cultivars may be mainly due to their
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differential expressively of certain genes during
autogenetic processes. The superiority of the
Giza-843 cv. in seed yield in both seasons may be
more likely attributed to the increases in plant
height, No. of pods plant? and days to maturity
which directly in turn on seed yield. Indeed, an
increase in LUE was expected because
corresponds with seed yield fed (El-Karamity et
al., 2015). The genetic makeup of the Giza-843
cv. promoted the growth efficiency of plants,
which reflected positively on leaf growth and
seed filling period than other cultivars (Sheha et
al., 2020). Generally, producing several branches
plant® ought not to be considered a good trait
since lateral branches are not as productive as the
main stem (Etemadi et al., 2018). Similar
variations, among cultivars, were reported by
Tawfik et al. (2018), EL-Sherbeni et al. (2021),
El-Safy et al. (2021), Yousry et al. (2021) and
Mohammed et al. (2022).

3.1.4. Interactions effect

In Tables 5 and 6, the data reveal that interaction
between irrigation treatments () and mycorrhiza
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(AMF) had a significant effect on all traits in both
seasons, except LAI and 100-seed weight in the
two seasons, seed yield in 2" season, and LUE in
1% season. The combination of (l.poxwith AMF)
produced the maximum values of all traits, while
the minimum values on the same traits were
recorded from (Isoxwithout AMF). The effect of
interaction between IxC seemed to be significant
for all growth traits and yield in both seasons. The
best interaction was found between Giza-843 cv.
and 100% of ETc which gave the greatest values
for No. of leaves plant?, plant height, No. of pods
plant?, No. of days from sowing to maturity, seed
yield, and LUE in both seasons. Likewise,
Nubaria-1 cv. and ligo recorded the highest values
for No. of branches plant™ and 100-seed weight
in both seasons. Misr-1 cv. and l1oo achieved the
highest value for LAI in both seasons. Regarding
the interaction effect of ([+]JAMFxC) on
vegetative growth, and yield and its attributes
significant increases were obtained in most traits
using AMF and cultivars compared to non-
inoculation cultivars ([-JAMFxC) in both
seasons, except for plant height and 100-seed
weight in both season, and LAI in the 1% season,
and No. of days from sowing to maturity in the
2" season. The highest recorded value of No. of
branches plant? (4.52 and 4.58 branches), and
No. of leaves plant™ (40.66 and 41.08 leaves) was
obtained from inoculation of the Nubaria-1 cv.
with AMF in both seasons, respectively. Data
also show inoculation of the Giza-843 cv. with
AMF achieved greater values for No. of pods
plant?® (12.83 and 13.43 pods), seed yield (8.29
and 8.91 ardab fed™), and LUE (8.66 and 9.29 kg
seeds day?') in the 1% and 2" seasons,
respectively, and days to maturity (147.27 days)
in the first season only. The maximum value for
LAI (4.13) has been obtained from inoculation
Misr-1 cv. with AMF in the 2" season. The effect
of interaction among the studied three factors was
significant in No. of branches plant?®, No. of
leaves plant? and No. of pods plant? in the two
seasons, LA, seed yield, and LUE in the second
season, and No. of days from sowing to maturity
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in the first season. Inoculation of Nubaria-1 cv. by
AM fungi and irrigation at (l100) gave the highest
value of No. of branches plant? (5.22 and 5.30
branches) and No. of leaves plant® (45.54 and
46.10 leaves) in both seasons, respectively.
Among cultivars studied the Giza-843 gets the
heaviest seed yield (10.98 ardab fed?), and LUE
(11.03 kg seeds days™) when treated Giza-843
with AM fungi under full-irrigation treatment
(l100) in the second season. In the same previous
interaction, the Giza-843 cv. took from sowing to
maturity (155.23 days) in the first season.
Inoculation Misr-1 cv. with AMF and at 100%
ETc scored the maximum value of LAI (4.43) in
the second season.

3.2. Effect of different treatments on water
indices, macronutrients (NPK%) in seeds and
seed crude protein% (SCP%)

3.2.1. Effect of irrigation treatments

Under drought stress conditions significantly
increased WP, EWP, NPK% and SCP%
compared with the full-irrigation (ligo) in both
seasons (Tables 4 and 7). Exposure faba bean
plants to severe drought (Iso) increased WP (0.96
and 1.13 kg m3), EWP (11.69 and 13.67 L.E m-
%), N (4.07 and 4.11%), P (0.53 and 0.55%), K
(1.74 and 1.77%), and crude protein (25.44 and
25.68%), while full-irrigation produced the
lowest values in these traits. Drought-stressed
plants exhibit an increase in WP than that
received 100% of ETc, because of their more
efficient water consumption and water loss
reduction due to osmotic regulation. Also,
Desoky et al. (2020) indicated that deficit-
irrigation can improve WUE due to less applied
water and more yield. Plants under moderate and
severe drought stress conditions exhibit higher
crop water productivity than under full-irrigation
plants (Mansour et al., 2021). Also, EWP is a
measure to estimate the value of economic
earnings by the consumption of the unit amount
of water (L.E m®). These results are in harmony
with those of Kahramanoglu et al. (2020) who
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demonstrated  that  irrigation  economic
productivity and irrigation economic efficiency
are significantly different and meaningful for
different crops and must it's considered in
sustainable agricultural planning. Furthermore,
irrigation management can positively impact the
profitability of bean productivity (Saleh et al.,
2018), and in areas where irrigation water is the
limiting factor to crop production, increasing
water productivity via deficit irrigation is often
more economically profitable for a farmer than
maximizing yield (Yousry et al., 2021). Under
full-irrigation treatment (li0), the SCP was
decreased by 13.99 and 14.21%, compared with
severe drought treatment (Iso) in both seasons,
respectively. Seeds crude protein% increased
gradually with decreasing irrigation levels
(Tawfik et al., 2018; Paul et al., 2021). Protein is
a good indicator of plant tolerance to water
deficit, as full irrigation results in hydrolysis and
catabolism in proteins and releases free amino
acids, ammonia, and proline (Fayed et al., 2018),
also plays critical physiological roles in the early
stages from plant growth and enhances its stress
resistance through accumulating large quantities
of soluble protein and other metabolites to
improve cell sap concentration, which can keep
cell turgidity and prevent excessive plasma
drought (Abid et al., 2017; Kenawy et al., 2022).
3.2.2. Effect of AMF inoculum

Compared with non-inoculated AMF, the WP,
EWP, NPK%, and SCP% traits significantly
improved by inoculating with AMF. In (Tables 4
and 7) cleared that both WP, EWP, NPK%, and
SCP% of mycorrhizal faba bean plants fungi were
more significant than those of non-mycorrhizal
plants. Plants inoculation with AM fungi
increased WP by (21.43 and 26.37%), EWP by
(21.14 and 27.03%) N (8.29 and 7.63%), P (25.00
and 23.81%), K (3.80 and 3.73%), and SCP by
(8.36 and 7.72%) as compared with non-treated
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with AMF, in the 1% and 2" seasons, respectively.
The symbiotic relationship between AMF and
host plants played a beneficial role in increasing
WUE by improving the rate of transport of macro
and micronutrients to the plants and improving its
resistance to water stress, subsequently more
efficient water use. Plants inoculated with
mycorrhiza recorded accumulated high protein
content% (Sheteiwy et al., 2021). Mycorrhiza
fungi inoculation increased protein and mineral
ions contents compared with non-inoculated
plants under drought stress (Sary et al., 2021).
3.2.3. Faba bean cultivars performance

Results display significant differences among the
three tested cultivars of faba bean (Tables 4 and
7). The best values for the WP and EWP have
occurred from the Giza-843 cv. than the Nubaria-
1 cv. and this may be due to genetic superiority
and drought tolerance. Nubaria-1 cv. significantly
surpassed other cultivars and recorded the highest
values for N (4.00 and 4.06%), P (0.48 and
0.50%), K (1.66 and 1.68%), and SCP% (25.02
and 25.40%) respectively, in both seasons. It
might be attributed to the genetic constitution and
the response of cultivars to environmental
conditions. Similar variations, among cultivars,
were reported by Abid et al. (2017), Tawfik et al.
(2018) and El-Gabry and Morsi (2019). The
performance of any cultivar depends on how its
genetic traits interact with the environmental
conditions, thus, high yields and better WUE can
be done by using appropriate cultivars and
optimizing water management, because the
optimum water requirements are variable
between different cultivars (Saleh et al., 2018),
Therefore, cultivating the Giza-843 drought-
tolerant cultivar is a preferred approach to
improve WP, EWP, and enhance seed vyield,
especially in arid environments (Mansour et al.,
2021).
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Table 5. Vegetative growth traits, plant height, and No. of pods plant™ of faba bean cultivars as affected by the 1% and 2" order
interactions during the 2019-20 and 2020-21 seasons.
Leaf area Number of

index branches Number of Plant Number of pods
Treatments (LA Plant™ leaves plant? height (g) plant?!
1st 2nd 1st 2nd 1st 2nd 1st 2nd st 2nd
Irrigation treatments (1) x Mycorrhiza ( AMF)
1100 \[/\-/]ithout 395 402 305 3.08 3040 3054 9271 9417 1253 13.08
Full-irrigation [+]with 417 424 410 438 37.73 3968 9591 99.15 14.46 15.47
175 [']. 3.63 3.65 267 271 2774 2797 8832 8991 10.79 11.30
Moderate drought W'tho.m
[+] with 388 395 374 378 3520 3544 89.97 9155 12.02 12.53
Iso [']. 3.17 328 228 235 2494 2545 7813 79.47 6.38 6.65
Severe drought without
g [+] with 3.47 350 279 2.87 2853 29.09 79.01 8196 7.90 8.31
LSD 5% for (I x AMF) NS NS 016 019 048 057 1.12 0.90 0.29 0.07

Irrigation treatments (1) x Cultivars (C)
| Giza-843 3.85 390 353 358 3371 3403 9820 10026 15.18 16.03
s Nubaria-1 4.10 4.18 4.37 444 3956 4005 9367 9671 1152 1213

Moderate drought Misr-1 425 431 285 318 2892 3126 09107 9302 1380  14.68
s e 30y 4oy 4a1 3146 3Ty e oais wes oo
Moderate drought Misr-1 404 406 237 239 2556 2573 8395 8505 1167  11.98
. Giza-843 275 281 246 255 2622 2681 8109 8282 7.86 8.21
Sovere drought Nubaria-l 356 366 318 323 3126 3158 791l 8L1L 614 6.56

Misr-1  3.66 372 196 207 2272 2346 7553 7822 7.41 7.68
LSD 5% for (I x C) 009 003 017 016 051 049 174 088 040 0.32

Mycorrhiza (AMF ) x Cultivars (C)
Giza-843 316 321 259 264 2713 2746 89.82 9095 1092 11.34
[-] without Nubaria-1 3.72 3.80 3.22 326 3154 3148 8685 8886 854 9.08
Misr-1 387 392 220 224 2440 2468 8248 8392 10.23 10.62
Giza-843 347 354 353 3.60 3373 3418 9194 9443 12.83 13.73

[+] with Nubaria-1 3.96 4.03 452 458 4066 41.08 8842 9129 9.86 10.62
Misr-1 409 413 258 285 2706 2895 8454 8694 11.69 12.27
LSD 5% for (AMF x C) NS 002 014 0.13 042 040 NS NS 0.32 0.26

Irrigation treatments (1) x Mycorrhiza ( AMF ) x Cultivars (C)
[ Giza-843 3.73 3.78 3.04 311 30.28 30.77 96.03 97.29 14.02 14.61
Nubaria-1 4.02 4.06 351 357 3357 3399 9280 9444 1043 17.44

no WItOUt  Misr-1 411 418 262 255 27.34 2685 8930 9078 1315 1095
igaion [y G843 396 401 402 404 3714 3728 10037 10322 1633 1332
Bl Nubaria-l 418 429 522 530 4554 4610 9453 9897 1260 1369

Misr-1 438 443 3.07 381 3049 3567 9283 9525 1445 15.66
Giza-843 322 326 272 275 28.04 2825 9287 9413 1174 12.20
s \[/\-/]ithout Ngbaria-l 3.70 3.75 319 322 3133 3154 8890 9137 1342 13.63
Misr-1 396 395 212 216 2384 2412 8319 8424 9.50 10.20

(';"rgSSL"’t‘te ] Giza-843 350 359 367 371 3469 3497 9385 9587 10.40 1150
e Nubaria-1 401 410 495 500 4365 4400 9137 9293 1112 1149

Misr-1 412 417 261 262 2727 2734 8470 8586 1222 1247

Giza-843 254 260 201 205 2307 2335 8057 8144 7.00 7.20

e \[A_/]ithout Nubaria-1 343 360 296 300 2972 3000 7885 8024 873 9.21
Sovere Misr-1 354 364 186 201 2202 2307 7497 7675 570 6.08
drought 4] Giza-843 295 301 291 304 2037 3028 8160 8421 658 7.04
A Nubaria-1 368 371 340 345 3280 3315 7936 8198 6.4 6.68

Misr-1 378 379 206 212 2342 2384 7608 7970 837 8.68

LSD 5% for (I x AMF x C) NS 004 024 022 073 067 NS NS 056 0.45
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Table 6. 100-Seed weight, number of days to maturity, seed yield, land use efficiency, and water productivity of faba
bean cultivars as affected by the 1%t and 2" order interactions during the 2019-20 and 2020-21 seasons.

Land Use

100-seed Number of_days Seed yield Efficiency Wate_r .
Treatments weight (g) fomawrity oo ted ) (kg seeds day: | roductivity
(days) 1 (kg m)
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
Irrigation treatments (1) x Mycorrhiza ( AMF)
l100 [-] without 7110 72,60 149.29 149.15 837 877 870 912 083 0.87
Full-irrigation [+] with 7441 7416 153.40 15322 9.64 1029 9.73 1040 096 1.02
175 [-] without 66.19 68.04 14354 14438 656 6.82 7.08 7.32 0.87 0.9
Moderate drought [+] with 68.88 69.33 14506 146.18 761 837 812 887 101 111
Iso [-] without 56.47 58.95 138.22 139.72 418 474 469 526 083 0.94
Severe drought [+] with 60.31 60.65 139.20 14080 554 6.62 616 728 110 1.32
LSD 5% for (I x AMF) NS NS 1.16 0.21 NS NS NS 0.15 0.05 0.03
Irrigation treatments (1) x Cultivars (C)
s Giza-843 62.83 6549 152,76 15193 9.71 10.06 9.84 1025 0.97 1.00
Moderate drought Nubaria-1 89.21 87.66 149.80 150.07 827 863 856 893 0.82 0.86
Misr-1 66.23 67.01 151.18 15157 9.05 9.90 9.25 10.12 0.90 0.98
s Giza-8_43 59.15 60.88 14579 147.17 757 795 8.06 838 101 1.05
Moderate drought Nubaria-1 8145 83.35 14227 14280 6.23 695 6.79 754 082 0092
Misr-1 62.01 61.83 14487 14587 743 789 795 838 098 1.04
lso Giza-843 53.32 53.16 139.47 14097 516 6.05 573 6.64 102 1.20
Severe drought Nubaria-1 66.86 62.12 137.77 13842 434 508 488 570 086 1.01
Misr-1 5499 5412 13890 14140 508 591 567 647 101 1.17
LSD 5% for (I x C) 0.58 0.91 0.60 0.77 020 014 021 016 0.03 0.02
Mycorrhiza (AMF ) x Cultivars (C)
Giza-843 56.74 5897 14474 14550 6.68 712 7.10 755 0.88 0.96
[-] without Nubaria-1 60.12 60.72 142.48 14288 598 6.19 646 6.68 079 0.82
Misr-1 7753 76.80 143.84 14488 6.46 7.02 691 747 085 0.94
Giza-843 80.81 78.61 14727 14788 829 891 866 929 111 121
[+] with Nubaria-1 59.48 6049 14408 14468 658 758 7.02 8.09 0.88 1.04
Misr-1 62.67 6148 146.32 147.68 7.92 878 833 917 107 119
LSD 5% for (AMF x C) NS NS 0.49 NS 016 011 017 013 0.02 0.02
Irrigation treatments (1) x Mycorrhiza ( AMF ) x Cultivars (C)
Giza-843 61.16 64.72 150.30 14953 8.85 9.13 9.13 947 0.88 0091
1100 \[A_/]ithout Ngbaria-l 87.32 86.78 14830 14870 791 820 827 858 0.79 0.82
Full- Misr-1 6481 66.31 149.30 14923 837 897 868 932 0.83 0.89
irrigation  [+] Giza-843 6450 66.26 155.23 15433 10.56 1098 1054 11.03 1.05 1.09
with Ngbarla-l 91.10 8853 15130 15143 864 9.05 885 927 0.86 0.9
Misr-1 67.64 67.70 153.67 153.90 9.72 10.84 9.81 1092 0.96 1.08
: Giza-843 57.60 60.05 14510 146.60 6.88 7.12 735 754 091 094
s \[/v]ithout Ngbaria—l 80.33 8246 14160 14193 6.00 6.27 6,57 6.84 0.79 0.83
Moderate M_|sr-1 60.64 61.61 14393 14460 6.78 708 730 759 0.90 094
drought [+] Giza-843 60.69 61.70 146.47 14773 827 877 877 921 110 1.16
with Ngbarla-l 8257 84.23 14293 14367 645 763 7.00 824 085 1.01
Misr-1 63.38 62.05 14580 147.13 808 870 859 916 1.07 1.15
Giza-843 51.47 5213 138.83 14037 430 511 480 567 085 1.02
lso \[/\_/]ithout Ngbaria—l 64.94 61.16 13753 138.00 4.02 412 453 463 0.80 0.82
Severe Misr-1 5299 5356 13830 14080 422 500 473 550 0.84 0.99
drought [+] Giza-843 55.17 54.19 140.10 14157 6.02 698 6.65 764 119 1.39
with Nqbana—l 68.77 63.08 138.00 138.83 4.65 6.05 522 676 092 1.20
Misr-1 56.98 54.68 13950 14200 594 681 6.60 744 118 1.35
LSD 5% for (I x AMF x C) NS NS 0.84 NS NS 0.19 NS 023 0.04 0.03

3.2.4. Interactions effect

For severe drought treatment (Iso) and AMF and
their effect on WP and EWP, tables 6 and 8
showed the interaction treatment (lso and
inoculation with AMF) was significant for WP,
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EWP, N%, and SCP% where record WP (1.10
and 1.32 kg m®), EWP (15.93 and 19.91 L.E m-
%), N (4.27 and 4.31%), and SCP% (26.68 and
26.93%) in both seasons, respectively, and record
K% (1.77%) in the 2" season only. Concerning
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interaction effects between IxC, exhibited
significant variances for WP and EWP in both
seasons, and SCP% in 2" season only (Tables 6
and 8). The cv.Giza-843 x50% of ETc, resulted in
the highest values for WP (1.02 and 1.20 kg m™),
and EWP (12.42 and 14.56 L.E m), while the
cv.Nubaria-1 x100% of ETc, produced the lowest
values for WP (0.82 and 0.86 kg m®) and EWP
(9.96 and 10.25 L.E m?3) in the two seasons,
respectively. The cv.Nubaria-1 when exposed to
severe drought (Iso) recorded the highest value of

SCP% (27.48), K (1.82%) in the 2" season, and
P (0.56%) in the 1% season.For the cv. Giza-843,
tables 6 and 8 displays that the interaction with
mycorrhiza significantly increased WP, EWP,
N%, P%, and in both seasons. It is clear that the
cv.Giza-843 inoculated with AM fungi scored the
highest values of WP (1.11 and 1.21 kg m?),
EWP (14.49 and 16.81 L.E m), and followed by
the cv. Misr-1 with the same treatment in the 1%
and 2" seasons, respectively in tables 6 and 8.

Table 7. Economic water productivity, macronutrients (NPK%), and seeds crude protein% of faba bean cultivars as
affected by irrigation treatments, and mycorrhiza during the 2019-20 and 2020-21 seasons.

Economic macronutrients % (NPK) in seeds
water Seeds crude
Treatments productivity N% PY% K% protein %
(L.Em?)
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
Irrigation treatments (1)
!109 . Full- 10.84 1143 350 352 0.39 0.40 1.50 152 21.88 22.03
irrigation
ls Moderate 1, 37 1919 374 380 045 046 160 162 2335 23.76
drought
('jsfoughfe"ere 11.69 13.67 407 411 053 055 174 177 2544 2568
LSD0.05(1) 036 036 005 005 0.02 002 003 001 024 024
Mycorrhiza (AMF)
[-] without 10.22 1095 362 367 0.40 0.42 1.58 1.61 2261 2294
[+] with 12.38 1391 392 395 0.50 0.52 1.64 1.67 2450 24.71
LSD 0.05
(AMF) 0.24 0.17 0.08 0.04 0.001 0.02 0.008 0.01 0.36 0.27
Cultivars (C)
Giza-843 12.09 13.13 360 366 0.43 0.45 1.58 1.60 2251 2287
Nubaria-1 10.12 1122 400 4.06 0.48 0.50 1.66 1.68 25.02 25.40
Misr-1 11.68 1294 370 371 0.45 0.47 1.61 1.63 2314 2321
LSD0.05(C) 0.21 0.14 0.03 0.03 0.009 0.008 001 0.005 0.22 0.17
LSD 0.05 for interactions

| x AMF 0.54 0.33 0.05 0.04 NS NS 0.009 NS 0.48 0.21
IxC 026 024 NS NS 0.02 NS NS 0.009 NS 0.30
AMF x C 030 020 0.05 0.04 001 o0.01 NS NS 0.32 NS
IxAMFxC 057 0.34 NS 0.06 NS NS 0.03 0.01 NS 0.42

On the other hand, inoculation of cv. Nubaria-1
with AMF realized the greatest values of N (4.18
and 4.21%) and P (0.54 and 0.55%) in both
seasons, respectively, and SCP% gets 26.10 % in
the first season. Regarding [|+C+AMF
interaction, generally cv. Giza-843 irrigated at
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50% of ETc and inoculated with AMF gave the
highest values of WP (1.19 and 1.39 kg m) and
EWP (14.49 and 16.81 L.E m™3), followed by cv.
Misr-1, in first and second seasons, respectively.
On the other hand, the interaction among
Iso+Nubaria-1+AMF attained the highest value of
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P (1.74 and 1.79%) in both seasons, N (4.61%) in
the 1%t season, and SCP% 28.81% in the 2

season.

Table 8. Economic water productivity, macronutrients (NPK %), and seeds crude protein% of faba bean cultivars as affected by
the 1%t and 2" order interactions during the 2019-20 and 2020-21 seasons.

Economic water

macronutrients % (NPK) in seeds

Seeds crude

Treatments productivity, LE m N% protein %
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
Irrigation treatments (1) x Mycorrhiza ( AMF)
l100 [-] without 10.08 10.48 338 339 033 035 1.46 1.49 2111 21.19
Full-irrigation [+] with 11.61 12.37 362 366 044 045 1.54 1.56 22.65 22.88
175 [-] without 10.52 10.95 361 371 040 042 1.57 1.59 2253 23.20
Moderate drought [+] with 12.21 13.43 386 389 049 051 1.63 1.66 2417 2431
Iso [-] without 10.06 11.42 387 391 048 050 1.72 1.74 2420 2444
Severe drought [+] with 13.33 1593 427 431 058 061 1.77 1.80 26.68 26.93
LSD 5% for (1 x AMF) 0.54 0.33 0.05 0.04 NS NS 0.009 NS 0.48 0.21
Irrigation treatments (1) x Cultivars (C)

s Giza-843 1169 1211 3.37 3.38 036 0.38 1.47 1.49 21.03 21.15
Moderate drought Nubaria-1 996 1025 3.70 3.75 041 043 1.53 1.56 23.10 2344
Misr-1 10.89 1192 3.44 3.44 039 040 1.50 1.52 2150 2151

s Giéa-843 12.18 1275 3.54 3.64 043 045 1.57 1.59 2214 2277
Nubaria-1 999 11.16 4.00 4.04 0.46 048 1.64 1.66 2498 25.28

Moderate drought Misr-1 1193 1266 3.67 372 045 046 159 162 2293 2322
lso Giza—E_343 1242 1456 3.90 3.94 050 053 1.70 1.72 2436  24.69
Severe drought Nubaria-1 1042 1225 4.32 4.40 056 0.8 1.80 1.82 26.98 27.48
Misr-1 1224 1422 4.00 3.98 052 055 1.73 1.76 2499 2488

LSD 5% for (I x C) 0.26 0.24 NS NS 0.02 NS NS 0.009 NS 0.30

Mycorrhiza ( AMF ) x Cultivars (C)

Giza-843 1069 1157 3.44 3.51 038 041 1.55 1.57 2151 21.97

[-] without Nubaria-1 9.60 9.88 3383 3.91 042 044 1.63 1.65 2395 2447
Misr-1 10.38 1140 3.58 3.58 040 042 1.57 1.60 2238 22.39

Giza-843 1350 1470 3.76 3.80 0.48  0.49 1.61 1.63 2351 23.77

[+] with Nubaria-1 1065 1255 4.18 4.21 054 055 1.69 1.71 26.10 26.33
Misr-1 1299 1447 3.82 3.84 050 052 1.64 1.66 2390 24.02

LSD 5% for (AMF x C) 0.30 0.20 0.05 0.04 001 0.01 NS NS 0.32 NS

Irrigation treatments (1) x Mycorrhiza ( AMF ) x Cultivars (C)

Giza-843 10.66 1099 3.22 3.23 030 0.33 1.43 1.44 20.09 20.20
100 [-] without Nub_aria—l 9.52 9.66 3.59 3.65 036 0.37 1.51 1.54 2241 2281
Full- Misr-1 10.07 1080 3.33 3.29 033 034 1.45 1.48 20.82 20.55
irrigation Giza-843 1272 1322 351 3.53 041 043 1.51 1.53 21.97 22.10
[+] with Nubaria-1 1040 1083 381 3.85 0.47  0.49 1.56 1.58 23.79 2407
Misr-1 11.70 1305 355 3.60 0.44  0.45 1.54 1.56 2218 2247
Giza-843 11.05 1142 340 3.56 039 041 1.54 1.56 2122 22.28
s [-] without ~ Nubaria-1 9.63 10.06 3.84 391 041 043 1.61 1.63 24.01 2445
Moderate l\_/lisr-l 1089 1136 3.58 3.66 0.40 0.41 1.56 1.58 2235 22.88
drought Giza-843 1330 1408 3.68 3.72 0.47  0.48 1.60 1.63 23.05 23.26
[+] with Nubaria-1 1035 1225 4.15 4.18 051 0.3 1.66 1.68 25.96  26.10
Misr-1 1297 1397 3.76 3.77 049 0.1 1.63 1.65 2351 2357
Giza-843 1035 1230 371 3.75 0.46  0.48 1.68 1.70 2322 23.44
lso [-] without ~ Nubaria-1 9.65 9.92 4.06 4.18 050 0.52 1.76 1.78 2541 26.15
Severe I\_/Iisr-l 10.17 1204 3.84 3.80 0.48 0.50 1.71 1.73 23.98 23.73
drought Giza-843 1449 1681 4.08 4.15 055 0.57 1.72 1.74 2551 25.94
[+] with Nubaria-1 11.19 1457 457 4.61 063 0.65 1.84 1.86 28.54 2881
Misr-1 1431 16.40 4.16 4.16 0.56 0.60 1.74 1.79 26.00 26.03

LSD 5% for (I x AMF x C) 0.57 0.34 NS 0.06 NS NS 0.03 0.01 NS 0.42
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Table 9. Estimation of different drought tolerance indices for the faba bean cultivars based on seed yield under full-irrigation, moderate and severe drought

conditions (averaged over two seasons).

Yield reduction

Geometric

Seed yield rate from non- Stress Mean Yield stability mean Stress
) (ardab fed) q0 susceptibility productivity ind ductivi tolerance
Cultivars stressed % index (SSI) index (MP) index (YSI) productivity Index (STI)
(©) (YRR) (GMP)
Irrigation treatments (1)
1100 175 Iso 175 Is0 175 Iso 175 Iso 175 Is0 175 Iso 175 Iso
Average the two seasons

Giza-843 989 7.76 561 2154 4328 110 100 883 7.75 0.78 057 876 745 0.893 0.646
Nubaria-1 845 659 471 2201 4426 110 102 752 6.58 0.78 056 746 6.31 0.648 0.462
Misr-1 948 766 550 19.20 4198 095 098 857 7.49 0.81 058 852 7.22 0.845 0.607
Mean 927 734 527 20.92 4317 105 100 831 7.27 0.79 057 860 363 0.795 0.572

l100: Seed yield for full-irrigation

I75: Seed yield for moderate drought
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Iso: Seed yield for severe drought
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3.3. Evaluation of faba bean cultivars by
drought stress tolerant indices

To assess drought tolerance indices of three faba
bean cultivars, YRR, SSI, MP, YSI, GML, and
STI were calculated based on seed yield under
full-irrigation (li00), moderate (l+s), and severe
drought conditions (Isg) Table 9. Results exhibit
that the Giza-843 cv. attained the highest value of
seed yield 9.89 ardab fed?® under full-irrigation
(I100) conditions, followed by the Misr-1 cv. 9.48
ardab fed™. whereas the Nubaria-1 cv. recorded
the lowest value of seed yield 8.45 ardab fed* and
their yield reduction was 14.56% relative to the
Giza-843 cv. Under drought stress conditions (l7s
and lsp), and according to drought indices the
Giza-843 cv. displayed the maximum values for
YRR (21.54 and 43.28%), MP (8.83 and 7.75),
GMP (8.76 and 7.45), and ST1 (0.893 and 0.646),
indicating high yield under Yy and Ys, and scored
Misr-1 cv. the highest values for YSI (0.81 and
0.58), and the lowest values for YRR (19.20 and
41.98%) and SSI (0.95 and 0.98) respectively.
Indeed, Misr-1 and Giza-843 cultivars were
considered tolerant to drought stress because
exhibited lower values of yield reduction rate
(YRR) and stress susceptibility index (SSI), and
higher values for YSI and STI, and realized the
best seed yield under (l100) and (Iso). In contrast,
the Nubaria-1 cv. recorded the lowest values by
MP, YSI, GOL, and STI indices under (li00) and
(Iso), and the highest values by YRR and SSI,
indicating higher sensitivity to drought stress. A
high STI indicates a high tolerance (Afiah et al.,
2016). These results are in agreement with those
obtained by Kazai et al. (2019), El-Hashash and
EL-Agoury (2019) and Sharifi et al. (2021)
evident that STI, GMP, and MP indices had a
high correlation with grain yield under both full-
irrigation and drought stress conditions and are
appropriate to identify cultivars with high grain
yield and low sensitivity to drought stress.
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4. Conclusion

In conclusion, the combination of suitable
cultivars i.e., (cv. Giza-843), inoculation with
AM fungi as eco-friendly, and adding the highest
level of irrigation water (1560 m® fed?) to
enhance crop quality and quantity as well as
minimize problems of water shortages, improve
Water Use Efficiency, Economic Water
Porductivity, and soil quality, and provide quality
food and sustainable agriculture under sandy soil
conditions and drip irrigation system in West, El-
Minia Governorate.
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